Given the rarity of the disorder, other associated findings and complications that occur in a small percentage of patients are infrequently reported. The occurrence of syringohydromyelia in patients with DWM has been described in a small number of cases, most of which occurred before the MR imaging period. We present the case of a young child with DWM in whom syringohydromyelia developed after shunt treatment for hydrocephalus. This case, well documented with serial MR imaging, has implications for the pathogenesis of syrinx formation in DWM.
Case Report
Presentation and Examination. Dandy-Walker malformation was diagnosed in this girl, born full term, at 28 weeks' gestation. At 8 days of age, she became lethargic and exhibited nystagmoid eye movements and vomiting, and she was transferred to our institution. She was macrocephalic and had a bulging fontanel. An MR image of the brain confirmed the classic features of DWM: a high insertion of the tentorium, anterior displacement of the brainstem, and a posterior fossa cyst that displaced the cerebellar hemispheres anterolaterally and communicated with the fourth ventricle. The cervical spinal cord appeared normal (Fig.  1A) . There was moderate hydrocephalus (Fig. 1B) , which resolved with placement of a VP shunt (Fig. 2B) .
Operation. At the initial surgery, stereotactic-assisted endoscopic fenestration of the cyst into the posterior third ventricle was also performed.
Postoperative Course. On postoperative imaging performed when the patient was 5 months of age, displacement of the cyst into the foramen magnum and an increased mass effect on the brainstem could be discerned ( Fig. 2A) . Cystoperitoneal shunt placement was recommended, but because there was no apparent symptomatology, this procedure was deferred. Follow-up MR imaging at 9 months demonstrated increased mass effect at the cervicomedullary junction, as well as interim development of a noncommunicating syrinx from C-4 to T-7 (Fig. 3A) . The syrinx measured 8 mm at its greatest diameter.
Second Operation. On the hypothesis that the syringohydromyelia was caused by abnormal CSF flow dynamics at the foramen magnum resulting from the mass effect of the cyst, we placed an independent cystoperitoneal shunt.
Second Postoperative Course. Postoperatively, the cyst was demonstrated to be well decompressed and the syrinx had collapsed. The patient experienced a gain in developmental milestones after placement of the second shunt. At the 6-month follow-up examination when the patient was age 15 months, MR imaging findings were normal, with no recurrence of the syrinx (Fig. 3B) .
Discussion
There have been 20 reports of syringohydromyelia associated with DWM, including Gardner's original description in 1957. 23 cystoperitoneal shunt revision, 7 and placement of syringoperitoneal shunts. 4 The role of posterior fossa cyst impaction into the foramen magnum as the mechanism of syrinx formation in DWM (which is analogous to the development of a Chiari malformation Type I) was first proposed in 1997 by Cinalli, et al., 3 and Tekkok and Ventureyra. 23 One patient had persistent syringohydromyelia despite a functioning cystoperitoneal shunt and was successfully treated with posterior fossa decompression and duraplasty. 3 The other child had a functioning VP shunt but had syrinx resolution after placement of a low-pressure valve. 23 Both communicating 16, 17 and noncommunicating 3, 4, 7, 21, 23 syringohydromyelia have been documented in association with DWM, which fuels the debate over the pathophysiological mechanism of syrinx formation. In communicating cases, some have argued that the syringohydromyelia results from hydrocephalus, with the syrinx acting as a "fifth ventricle." 16 In the present case, the syrinx was not in communication with the posterior fossa cyst. The association with impaction of the foramen magnum caused by posterior fossa cyst herniation can be used to argue against such an interpretation and for a mechanism of altered CSF flow at the foramen magnum, as seen in Chiari malformation Type I. 6, 19, 26 Children with DWM are at risk for syrinx formation as a presumed rare complication. Because spinal imaging is not part of routine management for these disorders, the incidence is unknown. A high index of suspicion for syrinx formation may be important in caring for these patients, and spinal imaging may be helpful in the evaluation. Cystoperitoneal shunt placement alone appears to be effective as an initial treatment. If syrinx collapse is not achieved with a functioning shunt, however, posterior fossa decompression is the reasonable next step.
Conclusions
There is a clinical association of DWM with syringohydromyelia, with five previous case reports involving children. This is the third report of an increase in foramen magnum impaction of the posterior fossa cyst and resultant formation of syringohydromyelia. The syrinx resolved with successful decompression of the foramen magnum through insertion of a cystoperitoneal shunt. This unusual case demonstrates that alterations in CSF dynamics can occur with cyst progression and can result in the formation of syringohydromyelia. Spinal imaging may be useful in the evaluation of patients who fail to show the expected improvement after CSF shunt procedures.
